In this trading strategy study, we ask three questions. First, does momentum exist in foreign exchange markets? Second, what is the impact of transactions costs on excess returns? And, third, can a consolidated trading signal garner excess returns and, if so, what is the source of such returns? Using total return momentum strategies in the foreign exchange markets of the G7 for the period 1980 through 2004, the answers from this study are as follows: we find evidence of momentum; however, such momentum appears transitory, particularly for longer look back periods. As expected, transaction costs have a material negative impact on excess returns. Finally, a consolidated signal garners excess returns; however, a bootstrap simulation finds the source of these returns is a function of autocorrelation.
Introduction
One of the most hotly contested ideas in the study of financial economics relates to the notion that capital markets are efficient in an informational sense. Trading rules, based on the premise that historical data is information rich about the future direction of asset prices, defies the received academic position of the efficient markets hypothesis (EMH) (Fama, 1970) . However, one of the empirical challenges with tests of the EMH relates to the ambivalence that researchers have in rejecting the null hypothesis (in turn, providing acceptance to an extreme alternate hypothesis, that is, market inefficiency) and having employed a methodology limited by issues including: data mining, structural change and model instability; and, market volatility. It is our conjecture that it is this combination of an extreme alternate hypothesis (that is, market inefficiency), methodological limitations, and, the chance for profit, that has led to nothing short of a fascination regarding the topic of capital market efficiency by academe and practitioners alike.
While a complete review of the voluminous number of empirical tests of trading rules in capital markets is beyond the scope of this paper, it is appropriate to identify those seminal contributions that provide a rationale for the agenda undertaken in this study. Shiller (2003) contends that up to the end of the 1970s, a naïve strategy of asset selection was supported by the body of theoretical and empirical work in financial economics.
However, in the 1980s, Brozynski, Menkhoff, and Schmidt (2003) note that an influential challenge arose in the work of De Bondt and Thaler (1985) , which claimed that a contrarian strategy would be profitable over a time period of several years (see also Lakonishok, Shleifer and Vishny, 1994) . The 1990s saw the work of Jegadeesh and Titman (1993) exploit momentum-based strategies for profit at horizons of around six months. 1 These ideas, historically tested in stock markets, have also been considered in foreign exchange markets, with various studies attempting to explain the presence of excess returns. Trading rule studies, such as Sweeney (1986) , Taylor and Allen (1992) and Brock, Lakonishok and LeBaron (1992) have questioned the notion of market efficiency in foreign exchange markets on the basis of return predictability. Other studies such as Kho (1996) argue that excess returns are the result of time varying risk premia and test for the presence of GARCH processes in foreign exchange returns. A further strand of literature, led by Szakmary and Mathur (1997) , consider the role of central bank intervention in markets, suggesting the central banks lack incentives to profit from market fluctuations.
While the source of excess returns is up for debate, the literature overwhelmingly provides corroborating results of the profitability of trading strategies in foreign exchange markets. Important contributions by Sweeney (1986) , Taylor and Allen (1992) , Levich and Thomas (1993) , Kho (1996) , Dutt and Ghosh (1999) , LeBaron (1999) , Marsh (2000) and, into the new century by Okunev and White (2003) , have reported excess returns using a variety of ex-ante trading rules, particularly rules based on moving average filters.
However, while the foreign exchange literature is voluminous on empirical research that has defined momentum in the form of moving averages (that is, when a trading decision is the result of some form of moving average crossover), there is a paucity of research 1 See also the update by Jegadeesh and Titman (2001) . that considers momentum-based filters as defined by Jegadeesh and Titman (1993) , that is, measuring momentum as total returns over a historical formation period.
In this paper, we test the practitioner (and emerging academic) consensus that movements in foreign exchange markets are predictable. In an excellent recent survey of tests of foreign exchange market efficiency, Lewis (1995) demonstrates that the results are, at times, inconsistent and are open to important criticisms in terms of the methodological approach employed. 2 Lewis (1995) is not alone in this critique, with an important contribution by Neely, Weller and Dittmar (1997) regarding the "narrowness" of the definition of various trading strategies and resultant excess returns reported by empirical studies being open to question. We respond to the methodological challenge in this paper by employing a range of commonly employed momentum strategies (of the form of Jegadeesh and Titman, 1993 ) used on the dealing desks of foreign exchange traders around the world.
Data Collection
The dataset employed in this study consisted of the G7 countries (Canada, France, Germany, Italy, Japan, the U.K., and the U.S.) which were sourced from Global Financial Data, Inc. The data consisted of monthly observations from November 1980 to January 2004. Due to the introduction of the Euro currency on 31 December 1998 whereby the German Deutchemark, French Franc and Italian Lira currencies were fixed to the value of the Euro, the analysis in this paper is divided into two time periods. The first time period is from November 1980 through December 1998, consisting of 217 monthly return observations, and, the second period is from January 1999 through January 2004, consisting of 61 monthly return observations. 3 The dataset consisted of the monthly spot exchange rates and the three-month interbank rates of each G7 nation.
From this dataset, two types of data series were constructed. The first data series consisted of the spot monthly returns of the G7 countries. These base currency returns of each currency pair were computed as follows:
where equates to the base currency return, is the spot foreign exchange rate at onthly returns of e fluctuations of each cross rate combination of all G7 currency pairs. These base currency returns are returns of the domestic (base) currency per unit of foreign currency. Effectively, these calculations are a time series of m the interest rate differential during the investment time horizon. As this study analyses monthly returns, we assume that the investor is exposed to the one-month interest rate differential of each currency pair. The returns in the second data series were computed as llows: fo Considering that Global Financial Data, Inc did not make available the historical onemonth interest rate for each G7 nation, we resorted to utilising the three-month interest rates, and thus, we therefore assumed a flat yield curve in each currency from one month to three months in order to use the three month interest rate as the proxy for the one month interest rate. 4 For future reference, this second data series is referred to as the "interest-adjusted returns", representing the actual returns that investors would earn if they converted their base currencies into each foreign currency and held that currency for a one month time horizon.
Tables 1 and 2 present the summary statistics for the base currency returns of each country and each respective currency pair. The descriptive statistics from Table 1 indicate that the Japanese yen clearly appreciated across all currencies while the Italian Lira depreciated across all currencies during the 1980 to 1998 period. During this period, the Jarque-Bera statistic indicates that thirty-three out of the forty-two cross rates reject the hypothesis of normally distributed returns. It is clear that the IID assumption is unreasonable when performing an analysis of spot rate returns on the G7 countries during this time period and this finding is consistent with similar findings on weekly currency data in Kho (1996) . Table 2 Tables 1 and 2 about here] Similar to the summary statistics presented for base currency returns, Tables 3 and 4 provide the descriptive statistics of the interest-adjusted returns for the 1980 to 1998 and 1999 to 2004 time periods. The evidence provided in Tables 3 and 4 highlight that when the interest rate differential between each currency pair is considered in the total return to the investor, one can see that the losses on spot rate appreciati 5 One may interpret this result as being consistent with the theory of interest rate parity or evidence of unbiased expectations. For a more complete discussion of this debate, see Froot and Thaler (1990) .
[Insert Tables 3 and 4 about here] Finally, the data collection process required two sets of returns to be generated. This paper defines momentum similar to Jegadeesh and Titman (1993) by measuring momentum as the total return based on a specified historical formation period. This simple momentum trading rule calculated on base currency returns can be defined as:
is the formation period return which is the total return of a foreign n curren periods, and t n n B R ) 1 ( , is the sum product of monthly base currency the total return derived from historical reign exchange rates, we extend the definition of momentum by employing the second dataset and defining interest adjusted returns as: cy for n ∏ < + n returns prior to time t .
While this methodology measures momentum as
where is the formation period return which is the total return of a foreign currency for periods and is the sum product of monthly interest adjusted 
Methodology
We take a four-step approach to investigating momentum in this study, comprising (a) calculating momentum returns across various look back periods; (b) examining the role of transaction costs on excess returns; (c) consolidating all look back periods into a single signal to avoid bias; and, (d) bootstrapping of results to evaluate the source of any excess returns. We consider each of these methodological tenets in the following section.
We commence with the development of the naïve trading strategies. When the momentum returns were calculated, each foreign currency was ranked from highest to lowest as defined by the historical momentum return as at the end of each formation month at period with respect to its base currency. The next step in this naïve trading rule was to engage in a series of strategies to create long positions in the foreign currencies with the highest momentum return and create short positions in the foreign currencies with the lowest momentum return. We develop two naïve strategies: (a) go long the foreign currency with the strongest momentum, and, an equal weighted short position in the foreign currency with the weakest momentum; (b) an equal-weighted long position of the two foreign currencies with the strongest momentum, and, an equalweighted short position of the two foreign currencies with the weakest momentum. We
First, momentum tests defined as arithmetic a Okunev and White (2003) examined multiple m The performance of a momentum strategy based on interest adjusted returns is important for three reasons. verage returns were evaluated by Sweeney (1986) while oving averages on both spot rates and interest adjusted rns. Our contribution to this debate is that we consider this problem from a different perspective rough an alternate specification of momentum which is closer to that of Jegadeesh and Titman (1993) . Second, the definition of interest adjusted returns is important in the foreign currency literature as it represents the actual returns earned by investors when they allocate capital into respective foreign currencies. Finally, the momentum strategy employed in this study is simple and can be easily replicated by fund managers and currency traders alike. retu th calculate the momentum of these two strategies using both data sets, that is, raw spot returns and on interest adjusted returns.
The second methodological step examines the role of transaction costs on excess returns.
After the profitability and statistical significance of momentum is evaluated across data ets, we then identified the two most profitable momentum strategies from each base solidated all of the momentum rankings om all the various formation periods into one consolidated test. The findings from the te the onsolidated strategy, testing the null hypothesis that momentum profits from the s currency and applied transaction costs to them. Transaction costs are applied as a test of the robustness of any findings in terms of applicability in the field.
As the results of any trading strategy study may be transitionary, the third methodological step attempts to avoid such bias. In order to avoid the favoured momentum look-back period or "avoid cherry picking", this study con fr consolidated rankings show that statistically significant returns were garnered from the consolidation of the various look-back rankings.
Finally, with the finding of statistical significance, the paper then turns its attention to investigating why such a momentum strategy works in foreign exchange markets. We take a non-parametric approach to momentum profits, employing a conventional bootstrap technique which randomly selects currency returns which inherently avoids the presence of autocorrelation structure within the time series (by avoiding the blockbootstrap approach, any autocorrelation structure in the returns are eliminated from the simulations). We boostrap each momentum period strategy and then re-compu c consolidated strategy are the result of autocorrelation structure in the returns. This study se strategies was to compare these active strategies with a passive buynd-hold foreign currency portfolio that has an equal weighted long position across the respec t-test nd the non-parametric Wilcoxon test in order to measure the statistical significance of xcess returns than Strategy Two. In ddition, it seems that Strategy One seems to be more profitable than Strategy Two.
Finally ds of to 18 months, however, shorter formation periods tend to be more consistently profitable than longer look back formation periods.
finds that the autocorrelation of returns is the primary source of the excess returns.
Analysis

A. Preliminary Results
The results of the two momentum strategies for the G7 currencies over the 1980 [Insert The results indicate that the trading strategies that measured momentum using interest adjusted returns seemed to produce higher excess returns than the same strategy using base currency returns as the measure of momentum. It seems that Strategy One tended to generate higher and more statistically significant e a , the results show that excess returns vary across the various formation perio 1 [Insert 
B. The Impact of Transaction Costs on Excess Returns
Considering that this study evaluated two trading strategies, tested two sources of momentum, eight look back formation periods and two time periods, this study selected the best two momentum strategies for each currency and estimated the impact of transaction costs. Considering that the original data returns do not conform to the assumption of normality, the method used to select the best strategies was the level of the Wilcoxon test. Table 9 presents the best two trading strategies of each currency in the 1980 to 1998 time period and assesses th e on costs.
Okunev nd White (2003) is designed to avoid bias as momentum across all the formation time period is employed under this arised in Table 10 .
C. Momentum and its Time-Varying Effects
The results in Tables 5 through eight clearly show that the profitability of momentum is variable and depends on the currencies selected and the formation look back period selected. Critics of trading rule studies state that the process of data mining or 'cherry picking' that is introduced when selecting the best or worst performing parameter sets brings the results from such studies into question. is that individual momentum tests did not produce statistically significant excess returns however, when these rankings were consolidated into a full test of all the formation eriod rankings, the results exhibited in Table 10 shows that the strategies are highly asis.
a bootstrap simulation; however, we impose the absence of autocorrelation of turns. The results of the consolidated Strategy One on simulated data is presented in able 11. p profitable at a nil transaction cost b
D. The Source of Excess Returns
The source of excess returns in foreign currency markets is a much debated issue with various theories that attempt to explain this market efficiency anomaly. We take a similar approach to Brock et. al., (1992) and employ the Efron (1979) non-parametric bootstrap approach to this problem. In order to measure the importance of historical information to the profitable momentum strategies in this study, we replicate the foreign currency returns in re T The simulation results in Table 11 clearly show that the momentum strategies in this study do not generate excess returns on simulated bootstrap data that assumes zero autocorrelation of returns. The results also indicate that excess returns caused by a bias due to the interest rate differential between currencies would have flowed into these simulation results and caused them to generate excess returns. This clearly has not been the case in this analysis. One can conclude that the excess returns garnered from the momentum strategy in this study is caused by the historical information content in the foreign exchange returns of the original data. The standard deviations and information ratios of the various results in this study clearly indicate that this strategy is not risk free.
That is, excess returns can be generated; however, the investor must be exposed to olatility of returns in order to achieve this. Such a result conforms to standard finance v theory.
Concluding Comments
We make a number of concluding comments, as distinct from definitive conclusions, to reflect the imperative for ongoing research in this field. First, momentum, as defined by Jegadeesh and Titman (1993) , exists in foreign exchange markets. Second, momentum appears to be largely transitory, albeit, skewed towards short look back or formation periods. Third, when evaluating momentum strategies in light of transaction costs, the ability for traders to garner excess returns after fees is diminished -in short, large trading institutions (characterised by the lowest possible transactions costs) may be able to exploit such opportunities, however, corporate and retail clients (characterised by relatively high costs) are limited in their ability to achieve such returns. Fourth, when various look back periods are consolidated into a single signal, we find statistically significant excess returns. From a trading perspective, we would discourage the use of single formation periods by traders, suggesting that an all encompassing measure of momentum may mitigate the transitory nature of such profits. Finally, the bootstrap of the currency returns garnered from the consolidated signal clearly shows the presence of memory is required to generate such returns. One area for future research in this field is to develop more advanced definitions of momentum, as this study employed a relatively simple strategy through which to test momentum. The development of such techniques, and the investigation of the sources of potential excess returns resulting from such strategies, is an important issue left to further studies. The dataset consists of monthly returns of individual G7 currency pairs from January 1999 to January 2004. The time period consists of 61 monthly return observations. The Equal^ column is the currency return based on an equal weighting allocated to the six respective foreign currencies whereby the Euro represents the currencies of Germany, France and Italy The Equal^^ column is the currency return based on an equal weighting allocated to four respective foreign currencies whereby the Euro represents one currency only The Jarque-Bera test of normality is based on skewness and excess kurtosis and is Chi-square distributed with two degrees of freedom. Statistical significance at the 1% level and 5% level is denoted by ** and *, respectively. Table 5 presents the results of Strategy One back tested over various formation look back periods (from 1 to 18 months) utlising raw currency returns as the source of momentum. Excess return refers to profits generated by the strategy which are greater than the passive buy-and-hold equal weighted portfolio of the respective six foreign currencies. The parametric paired t-test and the non-parametric Wilcoxon test is shown to test the statistical significance of the excess returns relative to the passive equal weighted long only portfolio, ** and * indicate statistical significance at the 1% and 5% levels, respectively. Table 5 presents the results of Strategy One back tested over various formation look back periods (from 1 to 18 months) utlising interest adjusted returns as the source of momentum. Excess return refers to profits generated by the strategy which are greater than the passive buy-and-hold equal weighted portfolio of the respective six foreign currencies. The parametric paired t-test and the non-parametric Wilcoxon test is shown to test the statistical significance of the excess returns relative to the passive equal weighted long only portfolio, ** and * indicate statistical significance at the 1% and 5% levels, respectively. Table 6 presents the results of Strategy Two back tested over various formation look back periods (from 1 to 18 months) utlising raw currency returns as the source of momentum. Excess return refers to profits generated by the strategy which are greater than the passive buy-and-hold equal weighted portfolio of the respective six foreign currencies. The parametric paired t-test and the non-parametric Wilcoxon test is shown to test the statistical significance of the excess returns relative to the passive equal weighted long only portfolio, ** and * indicate statistical significance at the 1% and 5% levels, respectively. 3.031** 3.719** 3.983** 3.699** 4.479** 4.792** 3.816** 2.865** Table 6 presents the results of Strategy Two back tested over various formation look back periods (from 1 to 18 months) utlising interest adjusted returns as the source of momentum. Excess return refers to profits generated by the strategy which are greater than the passive buy-and-hold equal weighted portfolio of the respective six foreign currencies. The parametric paired t-test and the non-parametric Wilcoxon test is shown to test the statistical significance of the excess returns relative to the passive equal weighted long only portfolio, ** and * indicate statistical significance at the 1% and 5% levels, respectively. Table 7 presents the results of Strategy One back tested over various formation look back periods (from 1 to 18 months) utlising raw currency returns as the source of momentum. Excess return refers to profits generated by the strategy which are greater than the passive buy-and-hold equal weighted portfolio of the respective six foreign currencies. The parametric paired t-test and the non-parametric Wilcoxon test is shown to test the statistical significance of the excess returns relative to the passive equal weighted long only portfolio, ** and * indicate statistical significance at the 1% and 5% levels, respectively. Table 7 presents the results of Strategy One back tested over various formation look back periods (from 1 to 18 months) utlising interest adjusted returns as the source of momentum. Excess return refers to profits generated by the strategy which are greater than the passive buy-and-hold equal weighted portfolio of the respective six foreign currencies. The parametric paired t-test and the non-parametric Wilcoxon test is shown to test the statistical significance of the excess returns relative to the passive equal weighted long only portfolio, ** and * indicate statistical significance at the 1% and 5% levels, respectively. Table 8 presents the results of Strategy Two back tested over various formation look back periods (from 1 to 18 months) utlising raw currency returns as the source of momentum. Excess return refers to profits generated by the strategy which are greater than the passive buy-and-hold equal weighted portfolio of the respective six foreign currencies. The parametric paired t-test and the non-parametric Wilcoxon test is shown to test the statistical significance of the excess returns relative to the passive equal weighted long only portfolio, ** and * indicate statistical significance at the 1% and 5% levels, respectively. Table 8 presents the results of Strategy Two back tested over various formation look back periods (from 1 to 18 months) utlising raw currency returns as the source of momentum. Excess return refers to profits generated by the strategy which are greater than the passive buy-and-hold equal weighted portfolio of the respective six foreign currencies. The parametric paired t-test and the non-parametric Wilcoxon test is shown to test the statistical significance of the excess returns relative to the passive equal weighted long only portfolio, ** and * indicate statistical significance at the 1% and 5% levels, respectively. 3.631** 3.505** 3.386** 3.254** 3.116** 3.000** Table 9 estimates the impact of transaction costs on the best two momentum strategies of each currency in the 1980 to 1998 period. These estimates assume four transactions occur at the end of each month, that is, the two currencies open are closed and another two currencies are entered into in order to construct the following month's currency long/short exposure.
TABLE 10
Table 10 presents the results of Strategy One with the rankings of all the various look back periods consolidated into one ranking set. The active strategy's excess return were measured against a passive long only equal weighted portfolio of the respective six foreign currencies. The statistical significance of excess returns was evaluated using the paired t-test and the non-parametric Wilcoxon test. The results in Table 10 are free of transaction costs, ** and * indicate statistical significance at the 1% and 5% levels, respectively. 
